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Background: Iron deficiency is a proposed mechanism for the anemia that occurs in cats with chronic kidney disease

(CKD). Minimal research investigating the iron status of these cats has been performed.

Objective: To compare indicators of iron status in cats with CKD versus healthy cats and cats with nonrenal illness

(NRI). To compare indicators of iron status in anemic versus nonanemic cats with CKD.

Animals: Thiry-nine client or employee owned healthy cats, 40 cats with CKD and 34 cats with NRI included.

Methods: Exclusion criteria included prior iron or erythropoiesis stimulating agent administration, blood transfusion, or

concurrent CKD and NRI. Complete blood counts, serum chemistries, serum iron concentrations, total iron binding capacity

(TIBC), and ferritin concentrations were measured and percent transferrin saturation (TSAT) calculated on all cats. Data

were analyzed using nonparametric statistical testing.

Results: No statistically significant differences were detected among groups for iron concentration (P = .50), ferritin con-

centration (P = .47), or TSAT (P = .19). TIBC was significantly lower in CKD (median 262 lg/dL; IQR 233–302; range

165–488) versus healthy cats (median 316 lg/dL; IQR 272–345, range 196–464); (P = .0030). When comparing anemic

(hemoglobin <9.5 g/dL) versus nonanemic cats with CKD, TSAT was significantly lower (P = .033) in anemic (median

20.2%; IQR 17.8–34.5; range 17.6–35.9) compared to nonanemic (median 29.0%; IQR 25.5–44.1; range 11.5–94.4). No statis-

tically significant differences found for ferritin concentration (P = .94), iron concentration (P = .21) or TIBC (P = .97).

Conclusions and Clinical Importance: These results indicate that an iron deficient state exists in anemic cats with CKD

and is more likely functional rather than absolute.
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Anemia is a frequent complication in cats with
chronic kidney disease (CKD). Anemia was present

in 57% of cats with CKD in 1 study, with a median
survival time of 100 days once anemia developed.1 The
etiology of anemia in cats with CKD is likely multifac-
torial although the main mechanism is inadequate ery-
thropoietin production by diseased kidneys. Another
potential contributor is an absolute iron deficiency,
which occurs secondary to reduced oral iron intake,
decreased gastrointestinal absorption, or loss through
gastrointestinal bleeding.2–4 Absolute iron deficiency is
defined as a reduction in bone marrow reticuloendothe-
lial iron and in human patients is suggested by a per-
cent transferrin saturation (TSAT) <20% and a ferritin
concentration <100 ng/mL.2

A functional iron deficiency, which occurs when there
is an inability to utilize otherwise adequate body iron
stores for erythropoiesis, is another potential contributor
to anemia in cats with CKD.2,4 This is generally

manifested as low serum iron but increased available iron
in the reticuloendothelial system and can occur because
of the decreased erythropoietin production by diseased
kidneys or secondary to inflammation.4–6 In human
patients, a functional iron deficiency is suspected when
TSAT is <20% and ferritin levels are normal or >100 ng/
mL.2,7 Chronic inflammation has been shown to play a
role in the pathogenesis of anemia primarily mediated by
the acute phase protein hepcidin.8,9 Hepcidin is upregu-
lated in inflammatory states and leads to sequestration
of iron within hepatocytes, enterocytes, and macro-
phages.9,10 Erythropoiesis is also inhibited by proinflam-
matory cytokines such as IL-1, interferon-c and TNF-a
which appear to be upregulated in human patients with
uremia compared to healthy controls.4,7,11,12 These
cytokines act via direct toxic effects on erythroid precur-
sors, decreased expression of hematopoietic factors
including erythropoietin and stem cell factor, and
decreased expression of erythropoietin receptors.10

The first objective of this study was to compare indi-
cators of iron status in cats with CKD versus healthy
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cats and cats with systemic nonrenal illness (NRI). The
second objective was to compare indicators of iron sta-
tus in anemic versus nonanemic cats with chronic kid-
ney disease.

Materials and Methods

Case Selection

This was a cross sectional observational study including client

and employee owned cats presenting to The Elmer & Mamdouha

Bobst Hospital of The Animal Medical Center between January

2012 and November 2013. All subjects had a physical examination

performed by a veterinarian. Venipuncture and collection of blood

was performed with informed owner consent and study protocol

was approved by the Institutional Animal Use and Care

Committee of the Caspary Research Institute, The Animal

Medical Center.

Employee and client owned cats were included in the healthy

control group if they had an unremarkable physical examination

excluding dental disease, no history of current disease and no clini-

cal or biochemical abnormalities on a CBC and chemistry profile

performed within the prior 30 days. These cats were not receiving

any medications, with the exception of monthly heartworm and

flea and tick prevention.

Cats with historical or newly diagnosed International Renal

Interest Society (IRIS) Stage II CKD (plasma creatinine >1.6 mg/

dL) or greater were eligible for inclusion in the chronic kidney dis-

ease group. Exclusion criteria included evidence of concurrent

nonrenal disease based on any history, physical examination, labo-

ratory or imaging abnormalities, evidence of acute or chronic kid-

ney disease, patients with concurrent hyperthyroidism, bacteruria,

prior iron supplementation, prior blood transfusion, or erythro-

poiesis stimulating agent (ESA) administration. Cats with a hemo-

globin <5 g/dL were also excluded because of patient safety

considerations.

Cats in the systemic nonrenal illness (NRI) group were included

if they presented to the hospital for evaluation of any systemic

nonrenal related illness. Exclusion criteria included evidence of

concurrent acute or chronic kidney disease (based on any history,

physical examination, and laboratory or imaging abnormalities).

Additional exclusion criteria included diagnosis of hyperthy-

roidism, prior iron supplementation, prior blood transfusion, ESA

administration, or a hemoglobin <5 g/dL.

Laboratory Testing

Blood samples for complete blood count and iron panel were

collected simultaneously. Approximately 1 mm of blood for com-

plete blood count was collected in a tube with EDTA and evalu-

ated routinely by Animal Medical Center in-house ALX

laboratory (January 2012–April 2013) or IDEXX laboratory (May

2013–November 2013) utilizing a Sysmex XT-2000i hematology

analyzer, Sysmex America Inc, Mundelein, IL, USA.

Two milliliters of whole blood for measurement of iron indi-

cators serum iron concentrations, total iron binding capacity

(TIBC), and ferritin concentrations were collected in a serum

separator tube and centrifuged immediately. The serum was sep-

arated, frozen and stored at �80°C and sent for evaluation at

Kansas State Veterinary Diagnostic Laboratory (KSVDL, Man-

hattan, KS) in batches over 4 months. Spectrophotometric mea-

surement of iron and TIBC was performed using a Ferrochem

II-serum iron and TIBC analyzer, ESA Inc, Chemlsford, MA,

USA. Percent transferrin saturation (TSAT) was calculated based

on this data as [serum iron (mg/dL)/TIBC (mg/dL) 9 100]. Fer-

ritin concentrations were evaluated using a quantitative enzyme-

linked immunosorbent assay using antiferritin monoclonal anti-

bodies in a sandwich arrangement.

Serum chemistries were submitted to Animal Medical Center in-

house laboratory using Olympus AU400 Chemistry Analyzer (Jan-

uary 2012–April 2013) or IDEXX laboratory using the Beckman

Coulter AU680 Chemistry System, Olympus America Inc, Center

Valley, PA, USA (May 2013–November 2013) and performed

simultaneously or within no >30 days of collection of CBC and

iron panel.

Statistical Analysis

Data were analyzed using a commercial statistical software pro-

gram.a Unless specified otherwise, statistical significance was set at

0.05. Normality was assessed with a Shapiro-Wilk test. Because of

the large number of variables with non-normal distribution, non-

parametric data analysis was used for comparison of variables

between groups. All data were described using median and range. A

Kruskal-Wallis test was used to compare iron indicators, mean cor-

puscular volume (MCV), and mean corpuscular hemoglobin con-

centration (MCHC) among the 3 groups (healthy, CKD, and NRI)

of cats. A Wilcoxon rank sum test was used to determine which

groups were different when inequality was detected. For Wilcoxon

rank sum tests performed among the groups, a Bonferroni correc-

tion was used to adjust the level of statistical significance from 0.05

to 0.017. To compare iron indicators, MCV and MCHC between

anemic and nonanemic cats, a Wilcoxon rank sum test was used.

Results

Subjects

Forty cats were initially enrolled in the healthy con-
trol group. One cat was excluded because of previously
undiagnosed azotemia (n = 1). Thirty-nine cats were
evaluated as healthy controls. The mean age was
7.5 years (range 0.9–15.0 years). This group included
spayed females (n = 14), intact females (n = 2) and cas-
trated males (n = 23). Represented breeds included
domestic short hair (n = 34), Persians (n = 2), American
curl (n = 1), Maine coon (n = 1), and Siamese (n = 1).

Forty-four cats were initially enrolled in the chronic
kidney disease group; however, 4 were excluded because
of a new diagnosis of neoplasia (n = 2), suspected acute
or chronic kidney disease (n = 1) and a hemoglobin
<5 g/dL (n = 1). Forty cats met the inclusion criteria
for enrollment in the chronic kidney disease group. The
mean age was 11.2 years (range 3.6–17.6 years). This
population included spayed females (n = 16) and cas-
trated males (n = 24). Represented breeds included pri-
marily domestic short hair (n = 31), Persians (n = 4),
Siamese (n = 2), Burmese (n = 1), Birman (n = 1), and
Abyssinian (n = 1). IRIS Stage classification included
stage II (n = 23), stage III (n = 12), and stage IV
(n = 5). In addition, all cats had either minimally con-
centrated urine defined as a urine specific gravity
<1.025, ultrasonographic renal changes consistent with
chronic kidney disease, or both.

Thirty-eight cats were initially enrolled in the nonrenal
illness group; however, 4 were excluded because of ultra-
sonographic renal changes (n = 2) or concurrent renal
azotemia (n = 2). Thirty-four cats met the inclusion crite-
ria for enrollment in the nonrenal illness group. The
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mean age was 9.8 years (range 2.5–14.6 years). This pop-
ulation included spayed females (n = 11) and castrated
males (n = 23), and breeds included domestic short hair
(n = 28), Siamese (n = 2) and 1 each of Bengal, American
curl, Ragdoll and Bombay. Disease categories included
neoplasia (n = 8), endocrine (n = 5), cardiac disease
(n = 4), dermatologic disease (n = 3), gastrointestinal
disease (n = 3), respiratory (n = 3), hepatic (n = 2), infec-
tious (n = 2), neurologic (n = 1), lower urinary tract
(n = 1), pancreatitis (n = 1), and a hemoabdomen of
unknown etiology (n = 1).

Iron Indicators

Total iron binding capacity was significantly lower in
CKD cats compared to healthy cats (P = .0030). No
significant differences were found for TIBC between
CKD and NRI (P = .34) or between Healthy and NRI
(P = .087). One cat did not have a TIBC measured
because of lipemia-induced sample interference which
also precluded calculation of TSAT.

No statistically significant difference was detected
among any of the groups for serum iron concentrations
(P = .50), TSAT (P = .19), or ferritin concentrations
(P = .47).

Outliers for ferritin concentrations were noted in each
group. One cat in the CKD group had an increased fer-
ritin concentration of 1,280 ng/mL and 2 cats in the
NRI group had increased ferritin concentrations of
4,296 and 2,106 ng/mL. One healthy cat had a ferritin
concentration of 838 ng/mL.

Thirty-two cats with chronic kidney disease were clas-
sified as nonanemic and 8 as anemic using a definition
of anemia as a hemoglobin <9.5 g/dL. These 8 anemic
cats had reticulocyte counts range of 1,100–31,000/lL.
The median TSAT for anemic cats with CKD (n = 7)
was significantly lower at median 20.2% (IQR 17.8–
34.5, range 17.6–35.9) compared to nonanemic cats with
CKD (n = 32) median 29% (IQR 25.5–44.1, range
11.5–94.4) (P = .033). One cat did not have a TSAT
measured. There were 4 outliers in the nonanemic group
represented by TSAT’s >70%. No significant difference
was found for TIBC (P = .97), serum iron concentra-
tions (P = .21), or ferritin concentrations (P = .94).
Data are presented in Table 2.

All cats in the healthy group were nonanemic with a
hemoglobin >9.5 g/dL. Four cats in the NRI group
were classified as anemic.

MCV and MCHC Analysis

No statistically significant difference was detected
between healthy, CKD, and nonrenal illness cats for
MCV or MCHC (Table 1).

The median MCV for anemic cats with CKD (n = 8)
was significantly lower at median 41 fL (IQR 40–43.5,
range 38–49) versus nonanemic cats with CKD (n = 32)
median 45 fL (IQR 43–47, range 35–55) (P = .044)
(Table 2).

There was no difference between MCHC for anemic
cats with CKD (n = 8) median 33.1 g/dL (IQR 31.2–

33.7, range 30.7–34) versus nonanemic cats with
CKD (n = 32) median 33.2 g/dL (IQR 31.7–34.8, range
29.2–40.6) (P = .30) (Table 2).

Discussion

Total iron binding capacity in these population of
cats with chronic kidney disease was significantly lower
than in these population of healthy cats. TIBC is
decreased in inflammation thus our results support the
presence of inflammation in this population of cats with
CKD.13–17 TSAT and MCV were significantly lower in
anemic cats compared to nonanemic cats with chronic
kidney disease. These findings are consistent with both
an absolute and a functional iron deficiency.3

Total iron binding capacity is decreased in 31.6% of
cats with inflammatory disease.8 TIBC in these popula-
tion of cats with chronic kidney disease was signifi-

Table 1. Iron Variables for healthy cats, cats with
CKD and cats with nonrenal illness.

Healthy CKD

Nonrenal

Illness

Hemoglobin (g/dL)

Median 12.9a 11.0 12.0

Interquartile range 12.1–14.0 9.6–12.9 10.1–13.5
Range 10.2–15.9 5.4–15.2 7.4–14.9

MCV (fL)

Median 45.0 44.0 45.5

Interquartile range 42.0–49.3 41.3–46.8 41.5–50.0
Range 36.0–55.0 35.0–55.0 37.0–56.0

MCHC (g/dL)

Median 33.0 33.2 33.2

Interquartile range 31.8–34.4 31.7–34.5 32.1–34.9
Range 27.9–37.8 29.2–40.6 29.2–41.9

Serum iron concentration (lg/dL)
Median 92 88 97

Interquartile range 77–111.5 68–123 71–138.5
Range 31–171 29–208 32–219

TIBC (lg/dL)
Median 316b 262b 296

Interquartile range 272–345 233–302 230–323
Range 196–464 165–488 114–469

Ferritin concentration (ng/mL)

Median 238 257 259

Interquartile range 203–291.5 180.5–337 226.5–349
Range 138–838 71–1280 84–4296

TSAT (%)

Median 30 28 37

Interquartile range 23–36 21–40 24–54
Range 12–68 12–94 12–84

ALX reference intervals: Hemoglobin 9.5–15 g/dL; MCV 39.6–
51.6 fL; MCHC 29.0–37.5 g/dL.

IDEXX reference intervals: Hemoglobin 10.3–16.2 g/dL; MCV

39–56 fL; MCHC 28.5–37.8 g/dL.

KSVDL reference intervals: Serum iron concentration

33–157 lg/dL; TIBC 169–325 lg/dL.
Ferritin concentration 90–300 ng/mL. Median, IQR and range

presented. Groups were compared with Kruskal-Wallis test.
aHemoglobin available for 35 healthy cats.
bStatistically significant difference for TIBC of healthy cats com-

pared to CKD (P = .003).
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cantly lower than these population of healthy cats sup-
porting the presence of an inflammatory state in these
animals. Both of these medians fall within the KSVDL
reference interval of 169–325 lg/dL, however, and there
is an overlap of the increased data points between
groups indicating that this data should be interpreted
with caution.

TSAT is a calculated value [serum iron/TIBC 9 100]
based on TIBC and provides an assessment of how
much transferrin has bound iron.13 TSAT is generally
decreased in absolute iron deficiency anemia because of
insufficient iron stores and is normal to decreased in
anemia of inflammatory disease.3 In these population of
cats with chronic kidney disease the median TSAT was
20.2% for 7 anemic cats and 29% for 32 nonanemic
cats. There is no reference range reported for cats; how-
ever, 25–45% is considered normal in human patients.
These healthy cat population had a TSAT range of
12.5–67.8% and a large range of TSAT was noted in all
of groups. There are 4 biological outliers in the nonane-
mic chronic kidney disease group represented by
TSAT’s >70%. This typically is indicative of iron over-
load, however, there was no evidence of iron or blood
product administration in these cats and therefore the
significance of these biological outliers is unknown.

Serum iron concentrations are decreased when
demands for erythropoiesis exceed the iron flow from
the diet and storage pool. Levels are thus considered
fairly nonspecific and should not be used to estimate
total body iron. In this study, we did not find a differ-
ence in iron concentrations between any of the popula-
tion of cats which supports its inability to estimate total
iron body iron stores.

Serum ferritin is involved in the storage of iron and is
found primarily in the cytoplasm of hepatocytes.3 Bind-
ing of iron to ferritin is thought to minimize the poten-
tial of iron to catalyze the formation of damaging free
radicals.7 Ferritin concentrations in human patients have
good correlation with whole body iron storage and a
decreased value is the single best parameter to diagnose
iron deficiency without performing a bone marrow
biopsy.18–22 Ferritin concentrations correlate with tissue
iron stores in dogs.17 Serum ferritin levels, when evalu-
ated in conjunction with serum iron levels, are the best
indicator of total body iron supplies in cats.15 There is

no correlation between tissue iron stores and total iron
binding capacity or serum iron concentration.15

Ferritin concentrations are primarily decreased in
absolute iron deficiency anemia and increased in iron
overload, hemochromatosis secondary to repeated
blood transfusion and systemic inflammatory dis-
ease.13,17,21 It is an acute phase protein and secretion is
stimulated by proinflammatory cytokines including
IL-1, IL-6, and TNF-a.3,8,13,22,23 Inflammatory disease
reportedly increases ferritin concentration in 63.2% of
cats.11 In this study, we did not find a difference among
groups for serum ferritin. This finding warrants further
investigation.

Two cats in the NRI group with exceedingly
increased serum ferritin concentrations both had evi-
dence of severe systemic inflammation. The first was a
cat with a hemoabdomen of unknown etiology (ferritin
concentration 4,296 ng/mL) and the second was a cat
with a septic abdomen secondary to small intestinal
necrosis (ferritin concentration 2,106 ng/mL). One cat
in the CKD group had a severely increased ferritin con-
centration of 1,280 ng/mL. This cat was a 13 year old
male castrated domestic short hair classified as IRIS
Stage II. He had a normal leukogram, normal vitals
and no evidence of a concurrent systemic inflammatory
state on blood work or abdominal imaging; thus, the
importance of this finding is unknown. One healthy cat
had a ferritin concentration of 838 ng/mL. No histori-
cal evidence of systemic disease was described in this
cat; however, abdominal imaging was not performed
for further investigation.

Mean corpuscular volume and MCHC are relatively
insensitive in identifying the presence of erythrocytes
with abnormal volumes or hemoglobin concentrations.13

Absolute iron deficiency results in deficient heme syn-
thesis and eventual microcytic, hypochromic red blood
cells, although acute iron deficiency anemia is generally
normocytic and normochromic.13 The MCV typically
drops below the reference interval only after weeks to
months of iron deficiency and a low MCHC is not com-
monly observed in cats.24 In addition to absolute iron
deficiency, functional iron deficiency secondary to ane-
mia of inflammatory disease, copper deficiency,
myelodysplastic disorders, drug or chemical toxicities,
and possibly portosystemic shunts can result in micro-

Table 2. Hematologic and Iron Variables for anemic versus nonanemic cats with CKD (median, range).

Anemic

(n = 8)

Nonanemic

(n = 32) P value

Hemoglobin (g/dL) 7.7 (5.4–9.2) 11.3 (9.5–15.2) <.001
Reticulocytes (/lL) 6,500 (1,100–31,000) 14,000a (1,300–40,000) .086

MCV (fL) 41 (38–49) 45 (35–55) .044

MCHC (g/dL) 33.1 (30.7–34.0) 33.2 (29.2–40.6) .30

Serum iron concentration (lg/dL) 72.5 (19–183) 90 (41–208) .21

TIBC (lg/dL) 258 (165–441) 272 (174–488) .97

Ferritin concentration (ng/mL) 270 (167–349) 249.5 (71–1,280) .94

TSAT (%) 20.2 (17.6–35.9) 29 (11.5–94.4) .033

Median data presented. Statistically significant difference, P < .05.
aReticulocyte count available for 22 nonanemic CKD cats.
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cytic, hypochromic red blood cells.13 Our findings are
consistent with either an absolute or functional iron
deficiency as these group of anemic cats with CKD had
a lower median MCV compared to nonanemic cats with
CKD. Four of 8 anemic cats with CKD were consid-
ered to have a microcytosis based on a reference inter-
val of <40 fL compared to microcytosis in only 5 of 32
nonanemic cats with CKD.

Our study has several important limitations. The first
is that there is no reported gold standard for noninvasive
evaluation of iron status in cats for diagnosis of iron
deficiency. In human patients, measurement of bone
marrow reticuloendothelial iron is the gold standard for
assessing iron stores2,19; however, healthy cats do not
have visible iron stores in their bone marrow.3,13 Iron
stores have been evaluated in the feline liver and spleen
and historically feline liver biopsies have been evaluated
to assess tissue iron levels; however, this is not a com-
monly performed diagnostic test because of its invasive
nature.15 A second limitation to this study is that not all
enrollees had urinalyses, thyroid levels or abdominal
imaging performed and therefore we cannot definitively
rule out early chronic kidney disease in these popula-
tions of healthy cats and cats with nonrenal illness, or
additional nonrenal illness in cats with chronic kidney
disease. A third limitation is that we had small, uneven
populations with only 2 cases of IRIS stage IV CKD
and only 8 anemic CKD cats. This small population of
anemic cats is because of many potential enrollees with
IRIS stage IV CKD having already been treated with
iron or darbepoetin as well as our exclusion criteria of
patients with a hemoglobin <5 g/dL because of safety
concerns. The uneven distribution of patients across
IRIS stages precluded direct comparisons among stages
and could confound the results of this study. The diverse
nature of the disease processes in the NRI group could
also confound the interpretation of data within that
group. Additionally, we did not age match these popula-
tions. Ferritin concentrations have been shown to
increase with age and total iron binding capacity to
decrease with age in human patients; however, this rela-
tionship has not been investigated in veterinary
patients.22,25,26 Lastly additional markers of inflamma-
tion such as hepcidin and C-reactive protein were not
assessed which could provide additional information
about whether an inflammatory state exists in veterinary
patients with chronic kidney disease. C-reactive protein
has been shown to increase progressively from CKD
stages III to V in human patients.19

Conclusions

Total iron binding capacity was different between
CKD and healthy cats; however, there was no differ-
ence between any of the groups for iron concentrations,
ferritin concentrations or TSAT. Our results suggest
that if an iron deficient state exists in cats with CKD, it
is likely functional secondary to decreased erythro-
poiesis by diseased kidneys as well as anemia of inflam-
mation.

Footnote

a Stata release 12, 1996–2013, StataCorp LP, College Station, TX.

Acknowledgment

The authors thank IDEXX Laboratories for perform-
ing CBC analyses.

Grant support: IDEXX Laboratories, Inc.
Conflict of Interest Declaration: Authors disclose no

conflict of interest.
Off-label Antimicrobial Declaration: Authors declare

no off-label use of antimicrobials.

References

1. Boyd LM, Langston C, Thompson K, et al. Survival in cats

with naturally occurring chronic kidney disease (2000–2002). J Vet

Intern Med 2008;22:1111–1117.
2. Brunelli S, Berns J. Anemia in Chronic Kidney Disease. In:

Himmelfarb J, Sayegh M, eds. Chronic Kidney Disease, Dialysis

and Transplantation: A Companion to Brenner & Rector’s The

Kidney. Philadelphia, PA: The KidneyElsevier Health Sciences;

2010;7:87–97.
3. McCown JL, Specht AJ. Iron homeostasis and disorders in

dogs and cats: a review. J Am Anim Hosp Assoc 2011;47:151–160.
4. Macdougall IC. Role of uremic toxins in exacerbating ane-

mia in renal failure. Kidney Int Suppl 2001;78:S67–S72.
5. Chalhoub S, Langston C, Eatroff A. Anemia of renal dis-

ease: What it is, what to do and what’s new. J Feline Med Surg

2011;13:629–640.
6. Horl WH. Clinical aspects of iron use in the anemia of kid-

ney disease. J Am Soc Nephrol 2007;18:382–393.
7. Drueke T. Hyporesponsiveness to recombinant human ery-

thropoietin. Nephrol Dial Transplant 2001;16(Suppl 7):25–28.
8. Ottenjann M, Weingart C, Arndt G, et al. Characteriza-

tion of the anemia of inflammatory disease in cats with

abscesses, pyothorax, or fat necrosis. J Vet Intern Med

2006;20:1143–1150.
9. Grimes C, Giori L, Fry M. Role of hepcidin in iron metabo-

lism and potential clinical applications. Vet Clin North Am Small

Anim Pract 2012;42:85–96.
10. Fry M. Anemia of Inflammatory, Neoplasic, Renal and

Endocrine Diseases. In: Weiss DJ, Wardrop K, eds. Schalm’s

Veterinary Hematology, 6th ed. Ames, IA: Wiley-Blackwell;

2010:246–250.
11. Freedman MH, Cattran DC, Saunders EF. Anemia of

chronic renal failure: Inhibition of erythropoiesis by uremic serum.

Nephron 1983;35:15–19.
12. Macdougall IC, Cooper AC. Erythropoietin resistance: The

role of inflammation and pro-inflammatory cytokines. Nephrol

Dial Transplant 2002;17(Suppl 11):39–43.
13. Harvey J. Iron Metabolism and its Disorders. In: Kaneko

J, Haravey J, Bruss M, eds. Clinical Biochemistry of Domestic

Animals, 6th ed. Burlington, MA: Elsevier; 2008:259–285.
14. Sprague WS, Hackett TB, Johnson JS, et al. Hemochro-

matosis secondary to repeated blood transfusions in a dog. Vet

Pathol 2003;40:334–337.
15. Andrews GA, Chavey PS, Smith JE. Enzyme-linked

immunosorbent assay to measure serum ferritin and the relation-

ship between serum ferritin and nonheme iron stores in cats. Vet

Pathol 1994;31:674–678.

1492 Gest, Langston, and Eatroff



16. Ceron JJ, Eckersall PD, Martynez-Subiela S. Acute phase

proteins in dogs and cats: Current knowledge and future perspec-

tives. Vet Clin Pathol 2005;34:85–99.
17. Feldman BF, Kaneko JJ, Farver TB. Anemia of inflamma-

tory disease in the dog: Ferrokinetics of adjuvant-induced anemia.

Am J Vet Res 1981;42:583–585.
18. Jacobs A, Miller F, Worwood M, et al. Ferritin in the

serum of normal subjects and patients with iron deficiency and

iron overload. Br Med J 1972;4:206–208.
19. Fishbane S, Pollack S, Feldman HI, et al. Iron indices in

chronic kidney disease in the National Health and Nutritional

Examination Survey 1988–2004. Clin J Am Soc Nephrol

2009;4:57–61.
20. Forman DT, Vye MV. Immunoradiometric serum ferritin

concentration compared with stainable bone-marrow iron as

indices to iron stores. Clin Chem 1980;26:145–147.

21. Wang W, Knovich MA, Coffman LG, et al. Serum ferritin:

Past, present and future. Biochim Biophys Acta 2010;1800:

760–769.
22. Guyatt GH, Patterson C, Ali M, et al. Diagnosis of iron-

deficiency anemia in the elderly. Am J Med 1990;88:205–209.
23. Torti FM, Torti SV. Regulation of ferritin genes and pro-

tein. Blood 2002;99:3505–3516.
24. Weiss DJ. Iron and Copper Deficiencies and Disorders of

Iron Metabolism. In: Weiss DJ, Wardrop K, eds. Schalm’s Veteri-

nary Hematology, 6th ed. Ames, IA: Wiley-Blackwell; 2010:167–
171.

25. Yip R, Johnson C, Dallman PR. Age-related changes in

laboratory values used in the diagnosis of anemia and iron defi-

ciency. Am J Clin Nutr 1984;39:427–436.
26. Loria A, Hershko C, Konijn AM. Serum ferritin in an

elderly population. J Gerontol 1979;34:521–524.

Iron Parameters of Cats with CKD 1493


